We propose to discuss in this note on power series fields in one variable the special automorphisms which do not alter the fields of coefficients. It will be proved that the pseudo-ramification groups introduced by MacLane are universal ramification groups, in the sense that a special ramification group must always be a subgroup of a well determined pseudo-ramification group. Finally we interpret the automorphism group of the field as an automorphism group of an infinite Lie ring.
Let O be an arbitrary field of characteristic x» In the sequel we shall consider the field F of all formal power series a^^^^^oe^ where the co, -are in fl and Hsa transcendental element over Q. 1 The field F is complete with respect to the rank one valuation V defined by Va -m where m is the smallest subscript j for which co 3^0 . Let D be the valuation ring of all holomorphic series and $ = (t) the principal prime ideal of £).
Suppose that S is an automorphism of F. We show that & 8 is also a valuation ring of F. For the proof 2 let a, b be any two nonzero elements of F. We must show that at least one of the quotients a/è, b/a lies in O 8 . By assumption on S there exist unique elements c, d with c 8 =a, d 8 elements (c/d) 8 Suppose that s is an automorphism of Q. If we observe the rules for the addition and multiplication of elements in F, the correspondence 2î>--«o w^'~, *2^-» w /^'' -(Z)j>-«> w^05 defines an automorphism of F. These automorphisms of F determine a subgroup of the automorphism group A of F which is isomorphic with the automorphism group of Q. A simple computation shows that this subgroup is not normal if and only if it is not the trivial group consisting of the identity. Now let T be an arbitrary automorphism of F. The element T either induces an automorphism on Q.C.F or it maps 0 into an isomorphic subfield Q T C.F. We shall consider only those automorphisms of F for which all the elements of Ö are invariant. These automorphisms form a subgroup G of A. This group G corresponds to the inertial group considered in the theory of normal algebraic extensions of fields with valuations. LEMMA PROOF. AS seen above each automorphism S determines relative to the prime element t a unit u(S). For the converse we shall show that the mapping /-+/* = tu determines, for given u in U y an automorphism of F. We associate to an arbitrary element a aas 2i>-«o w^/ ^he quantity 0* OE iCj>-« û, i(**) / ' The elements a* form by definition a subfield F* of F which is isomorphic to F. By construction the valuation F of F induces a valuation V* on the complete field F* with V*t* = Vt* = Vt so that F and F* have the same residue class field. Therefore F is an immediate extension of F* and hence F-F* by Lemma 2. Consequently the mapping a->a* is an automorphism of /?. We remark that the identity elements of G and U correspond to each other.
We next give a definition and a set of formulas which can be used to compute explicitly the coefficients of a* relative to the prime element /. We define the derivative D t a of a=2^co,/ / as Xl/ 6^' "" 
(ST) = u(S)u(T)
s . The latter relation may be viewed as a new multiplication X between the elements of U. We define U1XU2 t0 be u\u% w where W~S(ui) is the automorphism which corresponds to u\ by virtue of Theorem 1. The associativity of the group G implies that U is a group with respect to the operation X.
We now proceed to a different interpretation of this operation. Let Ö* be the set of all formal power series XXo w »#% where x is an indeterminate over 0. From the definition of Q* we observe that Q» may be considered as an infinite vector space over fl with restricted multiplication. 9 The element x plays the role of a left and right unit on the subset U of all elements without constant terms. The set U is a group, as may be verified by using Taylor expansions with respect to x. Obviously the product of elements corresponds to the operation of taking the function of a function. It is now easy to set up a relation between U with X as operation and U. If u*=*^£. 0 u)jt', o>o5^0, is given then we take for the corresponding element tt«23jL 0 «i* /+1 -The product uxXu* of two elements u\, u* in £7is then determined as {{u\®u%)xr 1 \ %-t where the factor x~l is to indicate a scalar division of U\®ti2 by x. In the sequel it will be useful to use the representation of the elements S in G by means of the elements in U; S+±u(S)?=±u(S). We shall use the symbol S ambiguously for the automorphism S and the representation u (5) .
Suppose now that /xi, j U2 are two nonzero elements of 0. These elements determine, by / -*/ / *<> automorphisms 5(JU<) Since {5(/i), /x£Q*} is a subgroup the factor set of 0* with respect to G is the unit factor set. COROLLARY 
The group Gx is a complete metric group; if the field Q is finite then Gx is compact.
PROOF. The system of normal subgroups Gi defines a topology in Gi. The group Gx is complete with respect to this topology for Gi contains all elements x+o>xx 2 -Hence lim^* g xn = l for each element g of Gi, thus Gi is a generalized x-adic group. 10 In particular, Gi is compact if Ö is finite. In this case G w /G» + i=Q, and thus Gx is isomorphic to the inverse limit lim,^ Gi/G» where the factor groups Gi/G n are all finite. REMARK. As in the ordinary Hubert theory it follows that i?« is an invariant subgroup of G\. This furnishes a new proof for the invariance of the groups G n . THEOREM 
Suppose that H is a finite subgroup of Gi and let K be the associated subfield of F. The ramification groups Hi of F/K are equal to GiC\H.
PROOF. Let VK be the valuation which is induced by V on the subfield K. Suppose that T{F) and T(K) are the value groups associated to V and VK, respectively. We first observe that Î2 is contained in K for HCZGh Let "K be the completion of K with respect to VK, then KQKQF for the fundamental sequences in K are special fundamental sequences in F by the definition of VK* Next observe that VK has only V for its prolongation to F. Remark that all prolongations of VK are given as V h , h in H; thus, by Lemma 1, V h~ V.
Combining these facts, we ûnd\j?:K]~[T(F):T(K)]~[T(F):T{T[))~[F:ïï].
Consequently JRT = JST, that is, K is a complete field and H is the decomposition and inertial group for F/K. Now let Hi be the ith ramification group of F/K. Then Hi(ZRi~Gi by the proof of Theorem 3. Thus HiQRiC\H. Conversely, let S be an element of Ri(~\H. Then a s sö (mod *P0 by definition of Ri. Hence 5 lies in 25T*. Therefore Hi ~ RiC\H as asserted.
Let K be an arbitrary subfield of F such that QC.K and [F:K] < oo. The field K is then complete with respect to the valuation VK 
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induced by V. For the proof we observe that the valuation V has a unique prolongation to the normal closure of F over K, for the latter is complete since it is a finite extension of F. The ramification theory implies, as at the beginning of the proof for PROOF. We first observe that F always has normal completely ramified extensions M. The existence of such extensions depends on the nature of the residue class field Q. 12 In case that n is an integer prime to the characteristic x and £2 contains a primitive wth root of unity the field F surely has at least one cyclic completely ramified extension of degree n. For example, there is surely such a quadratic extension if (x, 2) = 1 or x = °°. If X is finite then Û contains some field of (x w -l)th roots of unity, w^l, and any n\ (x w -l) may be used. For finite x there are infinitely many cyclic completely ramified extensions of degree x over F. lz Hence we know that completely ramified normal extensions M/F exist. Since M is completely ramified, say of degree n> we have 7r (F) sss^2^o Co v T(M) v+n , co 0 5^0, for a prime element T(M) of M. By the structure theory of fields of power series the fields M and F are isomorphic.
14 Suppose that 0 is a realization of the isomorphism M~F, that is, M+ -F. We apply <j> to the equation for T
(F) and obtain T(F)+~J^? wt0 ü) v [rr(M)+]
n+v . Then T(F)+ determines by Q{7T(JF)*} a subfield K of F so that the Galois groups of M/F and F/ti{ir(F)+} are isomorphic. Observing that the Galois group of M/F is isomorphic to a finite subgroup of G, the assertion of the theorem follows. 16 As a special case we consider cyclic subgroups H of order n in G for which (w, x) s 1. is an automorphism of Dz,, 17 Moreover, distinct elements of G give rise to distinct automorphisms in the automorphism group A(OL) ofDz, THEOREM 6. The groups G and A(DL) coincide if % = co.
PROOF. Suppose that S is an automorphism of £>L» Lett*** < §>(/). We shall show that there exists an automorphism 5 in G so that 2 is determined by the formula (**) applied to t, that is, F = t 8 where J^x{t)dt is the formal indefinite integral without a constant of integration. We observe that all formal operations involved can be carried out because they are determined in O. The automorphism S is given by (j>(x) using the representation of G by U. In concluding we remark that GC.A(OL) for x< °°« The inequality may be explained by the fact that t n is never the derivative of an element in F if n^O (mod x)« BIBLIOGRAPHY
